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PYRAZOLOPYRIMIDINE TYPE MEVALONOLACTONES 



10 



IS 



20 



The present invention relates to novel mevalonolactones having a pyrazolopyrimidme nng, proc ss s 
for their production, pharmaceutical compoistions containing them and their pharmaceutical uses particularly 
as hypolipoproteinemic and anti-atherosclerotic agents, and intermediates useful for their production and 
processes for the production of such intermediates. 

Some fermentation metabolic products such as compactjn, CS-514, Mevinolin or semi-synthetic 
derivatives or fully synthetic derivatives thereof are known to be inhibitors against HMG-CoA reductase 
which is a rate limiting enzyme for cholesterol biosynthesis. (A Endo J. Med Chem., 28(4) 401 (1985)) 

CS-514 and Mevinolin have been clinically proved to be potentially useful anti-hyperlipoproteinem.c 
agents, and they are considered to be effective for curing or preventing diseases of coronary artenosclero- 
sis or atherosclerosis. (IXth Int. Symp. Drugs Affect Lipid Meteb.. 1986. Abstract. P 30. p31. p66) 

However, with respect to fully synthetic derivatives, particularly hetero aromatic derivatives of inhibitors 
against HMG-CoA reductase, limited information is disclosed in the following literatures: 
VVPI ACC No. 84-157675. 86-028274. 86-098816. 86-332070. 87-124519. 87-220987. 88-007781. 88- 
008460 88*91798, 88-112505. 88-182950. 88-234828. 88-258359. 88-265052. 88-280597. 88-300969. 89- 
15672.89-24911.89-24913.89-25270.89-25474,89-48221.89-78429. 

The present inventors have found that mevalonolactone derivatives having a pyrazolopyrimidme nng. 
which has not been known, the corresponding dihydroxy carboxylic acids and salts and esters thereof have 
high inhibitory activities against cholesterol biosynthesis wherein HMG-CoA reductase acts as a rate Lmiting 
enzyme. The present invention has been accomplished on the basis of this discovery. 

The novel mevalonolactone derivatives of the present invention are represented by the following formula 



25 



30 




(I) 



35 wherein R 1 and R 2 are independently hydrogen. C,- 8 alkyl, Cz-e alkenyl. Cz-y cycloalkyl. Ci-s alkoxy. 
Ci -s alkylthio. fluoro. chloro. bromo. 

R* 

40 ' 




46 



(wherein R 6 , R' and R 8 are independently hydrogen. Ci-» alkyl. Ci- 3 alkoxy. C 3 -r cycloalkyl. 
trifluoromethyl. fluoro. chloro or bromo). 2-, 3r or 4-pyridyl. 2- or 5-pyrimidyl. 2- or 3-thienyl. 2- or 3-furyl, «- 
or /s-naphthyl. 



so 
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(wherein Rs is as defined above), 

-NR 9 R 10 (wherein R 9 and R 10 are independently hydrogen, C1-4 alkyl, 



-(CH 2 ), 

75 




(wherein R 6 is as defined above, and m is 1, 2 or 3), or R 9 and R 10 together form -(CH 2 ) r (wherein j is 3, 4 
or 5)); or C1-3 aikyl substituted by 




(wherein R 6 is as defined above) and by 0, 1 or 2 members selected from the group consisting of Ci -a 
aikyl; or R 1 and R 2 together form C 2 -e alkyiene unsubstituted or substituted by 1 to 3 members selected 
from the group consisting of Ct-* alkyl, C3-7 cycloalkyl, fluoro, chloro and bromo, and by one member 
selected from the group consisting of 



35 




(wherein R 6 is as defined above), or -(CHR^h-A-tCHR^Hwherein k and I are respectively 0, 1. 2 or 3, 
and A is -C(R 18 ) = C(R 19 )- (wherein R 18 and R 19 are independently hydrogen or C1-3 alkyl), -CK -S- or -N- 
(R 20 )- (wherein R 20 is hydrogen, C1-4 alkyl or 



45 

- (CHz)« 




(wherein R 6 is as defined above, and m is 1, 2 or 3)). and R 23 and R 2 * are independently hydrogen or Ci-* 
alkyl). or -CH » CH-CH = CH-; R 3 and R*'are independently hydrogen, C1-8 alkyl, C3-7 cycloalkyl, C1-3 
alkoxy. n-butoxy. l-butoxy, sec-butoxy, t-butoxy, R^R^N- (wherein R 25 and R 26 are independently hy- 
drogen or C1-3 alkyl). trifluoromethyl, trifluoromethoxy, difluorom thoxy, fluoro, chloro. bromo, phenyl, 
phenoxy, benzyloxy, hydroxy, trimethylsilyloxy, diphenyl-t-butylsilyloxy. hydroxymethyl or -0(CH 2 )tOR 15 - 
(wherein R ,s is hydrogen or C1-3 alkyl, and * is 1, 2 or 3); or when located at the ortho position to each 
other, R 3 and R 4 may together form -CH = CH-CH = CH- or methylenedioxy; Y is -CH 2 -, -CH 2 CH 2 - ( 
-CH = CH-, -CH 2 -CH = CH-, -CH = CH-CH 2V C(CH 3 ) = CH- or -CH = C(CH 3 )-; Z is -Q-CH 2 WCH 2 -C0 2 R ,2 f 
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w 



15 



25 



or 




COzR 



I 2 



(wherein Q is -C(Oh -C(OR«) 2 - or -CH(OH)-; W is -C(Oh -C(OR' 3 )a- or -C(R»)(OH )-; R" is hydrogen or 
C, - 3 alkyl- R 12 is hydrogen or R u (wherein R 14 is alkyl moiety of chemically or physiologically hydrolyzable 
alkyl ester' or M (wherein M is NHR^R 29 (wherein R 27 . R 28 and R 29 are independently hydrogen or C,-« 
20 alkyl) sodium, potassium or 1/2 calcium); two R 13 are independently primary or secondary Ci-« alkyl; or 
two R' 3 together form -(CH 2 )2- or -(CH 2 ),-; R« and R 17 are independently hydrogen or Ci-, alkyl; or R 
and R 17 together form -(CH 2 ) 2 - or -(CH 2 ) 3 -); and R s is hydrogen. C,- 8 alkyl. Ca- S alkenyl. C3-7 cycloalkyl. 
C5-7 cycloalkenyl, or 



30 



as 



40 




r 



(wherein R 6 is as defined above), or C,- 3 alkyl substituted by one member selected from the group 
consisting of 




(wherein R 6 , R 7 and R 8 are as defined above) and by 0, 1 or 2 members selected from the group 

consisting of Ci -3 alkyl. . 
45 Various substituents in the formula I will be described in detail with reference to specrfic examples. 
However, it should be understood that the present invention is by no means restricted by such specific 

C-8 alkyl for R\ R 2 , R 3 , R* and R 5 includes, for example, methyl, ethyl, n-propyl. i-propyl, n-butyl. h 
butyl. sec-butyl, t-butyl. n-pentyl. U-dimethylpentyl. n-hexyl. n-heptyl and n-octyl. 
so C1-4 alkyl for R«. R 7 . R 8 , R s . R 10 . R 20 . R 23 . R 2 *. R 27 . R 28 and R zs includes, for example, methyl, ethyl, 
n-propyl. i-propyl. n-butyl, i-butyl. sec-butyl and t-butyl. 

C1-3 alkyl for R". R 15 . R 18 , R ,? , R' 8 , R' 9 , R 25 and R 26 includes, for example, methyl, ethyl, n-propyl 

^JSenR" is alkyl. R u includes methyl, ethyl, n-propyl. i-propyl. c-propyl. n-butyl. i-butyl. sec-butyl, t- 
ss butyl, n-pentyl (amyl), i-pentyl and n-hexyl. 

C,-6 alkyl for R 13 includes, for example, methyl, ethyl, n-propyl. i-propyl. n-butyl. i-butyl. sec-butyl, n- 

Dentvl and n-hexyl. , , . A 

C 3 -7 cycloalkyl for R\ R 2 , R 3 , R*. R 5 . R 6 . R 7 and R 8 includes, for example, cyclopropyl. 1- 
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is 



20 



25 



methylcyciopropyl. 2-methylcyclopropyl, cyclobutyl. cyclopentyl. cyclohexyl. 4-methylcyclohexyl and 
cycloheptyj.^ ^ ^ ^ ^ fof examp|e metn0)(yi e thoxy. n-propoxy. i-propoxy. n-butoxy, i- 

butoxy, sec-butoxy, n-pentyloxy and n-hexyloxy. 

C,-3 alkoxy for R 3 and R* includes, for example, methoxy. ethoxy. n-propoxy and i-propoxy. 

Ci-3 alkoxy for R 6 , R 7 and R 8 includ s. for example, methoxy. ethoxy. n-propoxy and i-propoxy. 

C,-s alkylthio for R 1 and R 2 includes, for example, methylthio. ethylthio. i-propylthio and n-hexylthio. 

C 2 -6 alkenyl for R\ R 2 and R s includes, for example, vinyl. 1-methylvinyl. 1-propenyl. allyl. 1-methyl-1- 
propenyl, l-methyl-2-propenyl. 2-methyl-2-propenyl. 2-butenyl. 1-ethyMnyl, 1. 2-dimethyl-1 -propenyl 1.2- 
Lethyl-2-properiyl. 1-eth y l-1 -propenyl. 1-ethyl-2-propenyl. 1-methyl-l-butenyl. Lmethyl-2-butenyl. 2- 
methyl-1-butenyl. 1-i-propylvinyl and 1-methyl-1-pentenyl. 

Cs- 7 cycloalkenyl for R* includes, for example. 2-cyclopentenyl. 2-cyclohexenyl. 2-cycloheptenyl and 

4-methvI-2-cvclohexenyL , _ 

M is a metal capable of forming a pharmaceutical^ acceptable salt and includes, for example, sod 1U m. 

potassium and 1/2 calcium. C0 2 M includes, for example. -C0 2 NH* and C0 2 H-(primary to terhary lower 

alkvlamine, for example, triethylamine). 

Further, these compounds may have at least one or two asymmetric carbon atoms and may have a 

least two to four optical isomers. The compounds of the formula I include all of these optical isomers and all 

of the mixtures thereof. , ou^* 

Among compounds having carboxylic acid moieties falling outs.de the defimtion of -C02R ,2 of the 
carboxylic acid moiety of substitutent Z of the compounds of the present invention, those wh.ch undergo 
physiological hydrolysis, after intake, to produce the corresponding carboxylic acids (compounds where.n 
the -C0 2 R' 2 moiety is -C0 2 H) are equivalent to the compounds of the present invention. 

Now preferred substitutents of the compounds of the present invention will be described. 

In the following preferred, more preferred, still further preferred and most preferred examples, the 
numerals for the positions of the substituents indicate the positions on the pyrazolopyrimidine nng. 

Preferred compound (1) of the formula I is a compound wherein R 1 and R 2 are independently hydrogen. 
Ci-8 alkyl. C 2 -6 alkenyl, C3-7 cycioalkyl. fluoro, chloro. bromo. 




40 



(wherein R 6 R 7 and R 8 are independently hydrogen, C-* alkyl. C,- 3 alkoxy. C3-7 cycioalkyl. 
trifluoromethyl. fluoro. chloro or bromo). 2-. 3- or 4-pyridyl. 2- or 5-pyrimidyl. 2- or 3-thienyl. 2- or 3-furyl. 
or j8-naphthyl or C1 -s alkyl substituted by 



at- 



45 




R 4 



50 



(wherein R B is as defined above) and by 0. 1 or 2 members selected from the group cons^ng of Ci 
alkyl: or R' and R 2 together form C-e alkylene unsubstituted or substituted by 1 to 3 members setected 
from the group consisting of C- alkyl. C3-7 cycioalkyl. fluoro. chloro or bromo and by one member 
selected from the group consisting of • 



55 




R 6 
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(wherein R« is as defined above) or -(CHR») k -A-(CHR^)l-(wherein k and 1 are ind ' P^entlr 0 1. 2or 3. 
A is -C(R' 8 )=c(R")- (wherein R« and R" are ind pendently hydrogen or C,- 3 alkyl). -0-, -S- or -N(R ) 
(wherein R 20 is hydrogen, Ct-* alkyl or 



(CH 2 ) 




R* 



10 



15 



(wherein * is as defined above, and m is 1 , 2 or 3)) and R» and R» are independently hydrogen or C, _ 
(wnerein " » " R3 . R4 independently hydrogen. C,- 8 alkyl. C 3 -r cycloalkyl. C,- 3 

drogTn an d C?- alky.). Womethyl, trifluoromethoxy. difiuoromethoxy fluoro chloro. tao ^ yl. 
pZoxy. benzyloxy. hydroxy, trimethylsilyloxy. diphenyM^utylsilyloxy. ^f^^^ 1 ^ # 
U»h R'» is hydrogen or C,- 3 alkyl); when located at the ^orthc .portion * "*^^ , (J J. 
together form -CH = CH-CH = CH- or methylenedioxy; Y » "CHa-. -CH 2 CH 2 -. -CH-CH- CH 2 CH CH . 
-CH = CH-CIV. -C(CH 3 ) = CH- or -CH = C(CH 3 )-; 2 is -Q-CH 2 WCH 2 -C02R 12 . 



20 



25 




30 



35 



40 




C0 2 R 



I » 



, u • Aic rm\. r/ORisw- or -CH(OHK W is -C(O)-. -C(OR 13 fc- or -C(R")(OH)-: R" is hydrogen or 
S 3 Tky? R'Ms hydroSn *• wherein * a?ky. nJiety of chemicaHy or physioioglcally hydrolyzable 
Siy eS or M M is NHR 27 R Z8 R 29 (wherein R". R" and R- are independency hydrogen, 

C, 4 alkvl sodium, potassium or 1/2 calcium); two R 13 are independently pnmary or secondary C,-s alky . 
o 2o ™\wZ11 -C(CH 2 ) 2 - or -(CH 2 ) 3 ,or R« and R 17 are independently hydrogen or C, - 3 a*y 
or R« and R" together form -(CH 2 ) 2 - or -(CH 2 ) 3 -); R* is hydrogen. C-s alkyl. C 2 -s alkenyl. C 3 -r 
cycloalkyl. Cs-7 Cycloalkenyl or 



45 



50 




(wherein R« is as defined above), or C,- 3 alkyl substituted by one member selected from the group 

consisting of 



55 



6 



EP 0 374 448 A1 




10 



(wherein R*. R' and R" are as defined above), and unsubstituted or substituted by 1 or 2 members 

selected from the group consisting of C.- 3 alkyl. indeoendentlv 
More preferred compound (2) of the formula I is a compound wherem R' and R are independently 

hydrogen, Ci -a alkyl, C 2 - 6 alkenyl, C3-7 cycloalkyl, 



is 




so 



(wherein R 6 R 7 and R 8 are Independently hydrogen, C-* alkyl. C-3 alkoxy. C 3 -7 cycloalkyl. 
SuTmemil, !uo£ chloro or bromo' 2, 3- or 4-pyridyl. 2- or S-pyrimidyl. 2- or 3-thienyl. 2- or 3-furyl. «- 

or j3-naphthyl or C1-3 alkyl substituted by 



25 



30 



35 



40 




/wh^min R* is as defined above) and by 0. 1 or 2 members selected from the group consisting of Ci -s 
X R< d Ct-* alkylene unsubstituted or substituted by 1 to 3 memt»rs seated 
SSn the group consisting of &- alkyl. C3-7 cycloalkyl. fluoro, chloro and bromo. and by one member 
selected from the group consisting of 




45 



/*h«r«in rs is as defined above); R 3 and R* are independently hydrogen. C,- 8 alkyl. C,- 3 alkoxy. n- 
^li^Si^i. trifluoromethyl. fluoro. chloro. bromo phenoxy J^^T; 
Sylsilyioxy! dipheny.-t-buty.si.yloxy. hydroxymethy. « ^WlOR- R« to 

alkyl. and I is 1. 2 or 3); or when located at the ortho pos.tion to each other. R 3 and R may togetner 
Sylenedioxy; Y is -CH 2 CH 2 - or -CH = CH-; Z is -Q-CH.WCH.-CO.R^ or 



50 



55 




(wherein Q is -C(O)- or -CH(OH>. : W is -C(0). or -CH(OH)-. and R« is as defined with respect to the 



7 
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compound (1)); and R 5 is C,- 8 alkyl. Ca-s alkenyl or cycloalkyl. 

Still further preferred compound (3) is a compound wh rein R 1 and R* are mdependently hydrogen. 
Ci-8 alkyl, C2-« alkenyl. C 3 -7 cycloalkyl. 



TO 




(wherein R<. R 7 and R' are independently hydrogen, d- alkyl. C-s alkoxy. C 3 -r cycloalkyl. 
irifluoromethyl, fluoro. chloro or bromo) or C,- 3 alkyl unsubstituted or substituted by 1 or 2 members 
15 selected from the group consisting of 



20 




and C-8 alkyl; or R 1 and R 2 together form C 2 - 6 alkylene unsubstituted or substituted by 1 to 3 members 
25 selected from the group consisting of Ci-4 alkyl. C 3 -z cycloalkyl, fluoro. chloro and bromo, and by one 
member selected from the group consisting of 



30 




(wherein R« is as defined above)' or -<CHR») k -A-<CHR*)Hwherein k and i are independently 0, 1.2 or 3. 
» A is -C(R ,8 )=C(R 19 )- (wherein R 18 and R 19 are independently hydrogen or C,- 3 alkyl). -O-, -S- or -N(R )- 
(wherein R 20 is hydrogen. Ci-4 alkyl or 



40 



(CH 2 )n 




(wherein R' is as defined above, and m is 1. 2 or 3)). and R 23 and R" are independently hydrogen or C-» 
45 alkvl) or CH = CH-CH = CH-: R 3 and R* are independently hydrogen. Ci - 8 alkyl. fluoro. chloro or bromo. and 
they are located at the 3- and 4-position; Y and Z are as defined with respect to the compound (2); and R 

"X^l^^rt* a compound wherein * and * „ independent* hydrogen, 
methyl, ethyl, n-propyl. i-propyl. n-butyl. i-butyl. sec-butyl, t-butyl. n-pentyl. i-pentyl. 1 .2-dimethylr*ntyL n- 

50 S ^nyl ;-propenyl. i^ropenyl. cyclopropyl. cyclobutyl. cyclohexyl. phenyl. 

phenyl. 4-methylphenyl. 2-chlorophenyl. 3-chlorophenyl. 4-chlorophenyl, 2-methoxypheny . 3-methox- 
yphenyl, 4-methyoxyphenyl. 3.4-dimethylphenyl, 3.4-dichlorophenyl, 3-trifluoromethylphenyl. benzy . 4- 
chlorobenzyl. 4-methylbenzyl. 4-methoxybenzyl. 2-phenetyl; or R' and R 2 together form ethylene, 
trimethylene. tetramethylene. pentamethylene. hexamethylen . 1-methyltetramethylene 2-me*y. 

56 tetramethylene. 1-phenyKetramethylene. 2-phenyltetramethylene. 1-chlorotetramethylene. 2-chlorotetramet- 
nylene; when R* is hydrogen. R 3 is hydrogen. 3-methyl. 4-methyl. 3-chlorc ^4-chloro. 
R 3 and R* together form 3-methyl-4-chloro. 3.5-dichloro. 3,Wifluoro. 3,5-d.methyl or 3-methyl-4-fluoro. Y 
and Z are as defined with respect to the compound (2); and R s is i-propyl or cyclopropyl. 
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30 



35 



Now particularly preferred specific compounds of the present invention will be presented. 

Now particular j <pe ".methylethyl)pyrazolo[1 ,5-a pynm.d.n* -yl 

P0Siti °^ (E )-7-[2'-t-butylV-<^^ 
P ° S,ti0 ?c) <E)-7-[7^fluoropheny^^^ 

P0Siti °W) (EH-[5'<yclo P ropy.-7'^fluorophenyl)-2'-methyl P yr^ 

P0Sitl Tq) <E*7-[7^f.uoropheny^^ 
P0Siti °(h) (E)-745^yclopro P ylV-<4^^^ 
P0Siti °m (EV7-[7>^uoro P henyl>-5V^^ 

P ° Si Se mevalonolactones of the formula I can be prepared by the following reaction scheme. 



40 



45 



50 
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N— NH 
( X) 




R 4 



CH=C(C0 2 R 2 
I 

C(0)R 5 
(XI) 
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R 3 R 4 




R 2 

( E ) 
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R 2 

(1-8 (R ,2 =H) ) 
( I-9 (R ,2 =Na)) 

20 
25 
30 
35 

40 

45 

SO 
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R 3 R 4 




R 2 

d-6) ( Q=-C(0)-, H--CH(OH)- ) 
(XV) ( H-C(O)-, W=-C(0)- ) 



A A 
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R 3 R 4 




R 2 

( XVI j ( Q--C(O)-. W=-CH(0H)- ) 
( XW > ( Q=-C(0)-, W=-C(0)- ) 



B B 




R 2 



(1-7) 
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R 3 R 4 
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R 3 R 4 



R 





CH 2 P + Ph 3 Hal 



( XVDI5 



C C - 1 



H(0)CCH(OR 30 ) 

CH ^ CH(0R 3O )CH 2 C0 2 R ,4 • 

(XK) 
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D D - 2 



D D - 3 



® .Hydrolysis 



(D Oxidation 



(D Removal of protecting group 




I - 3 ) 
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R 3 R 4 




i 
* 
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in the above reaction scheme. R\ HP. R 3 . *. R 5 and W are as defined above 
formula I. and R" and R* independently represent ft- lower alkyl such as methyl, ethyl, n-propyl. .- 

Pr °te°^ n oCund of the formu.a VI can be prepared by oxidizing the compound of ft. .tan** XH 
obtained by reacting the compound of the formula X with the compound of the formula X. (Japanese 
Unexamined Patent Publications No. 77387/1987 and No. 60985/1988). 

Srrrep^ents a reduction reaction of the ester to a primary alcohol. Such reduction react™ can be 
conducted by Svanous metal hydrides, preferably diisobutylaluminium hydride, ma sofcen sue ■ « 
t?t?Srlran"to.Sene or methylene chloride at a temperature of from -20 to 20 C. preferably from -10 to 

PV 1t?p cTe^sents a synthesis of a 3-ethoxy-1 -hydroxy-2-propene derivative, which can 

reacting a compound V to a lithium compound which has been preliminarily formed by treating c.s-1- 

ethoxy-2-(tri-n-butylstannyl)ethylene with butyl lithium in tetrahydrofuran 

as the reaction temperature, it is preferred to mploy a tow temperature at a I vel of from -60 to -78 C. 

S^rD Ceir a synthesis of an enal by acidic hydrolysis. As the acid catalyst .t ,s prefenred to 
m^^SSLo add. hydrochioric acid or suifuric acid, and ^^^'S^S^ 
IrZJt mhrture of water and t trahydrofuran or ethanol at a temperature of from 10 to 25 C. The 3-etnoxy 
rCoxytpTopen^ f derive obtined in Step C can be used in Step D without purification i.e. by simply 
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removing tetra-n-butyl tin formed simultaneously. 

Step E repr sents a double anion addition reaction between the enal III and an acetoacetate. Such 
addition reaction is preferably conducted by using sodium hydride and n-butyl lithium as the base in 
tetrahydrofuran at a temperature of from -80 to 0* C, preferably from -30 to -10* C. 

5 Step F represents a reduction reaction of the ketocarboxylate of the formula II. by various reducing 
agents. This reaction comprises reduction of carbonyl by e.g. sodium borohydride, sodium 
cyanoborohydride, zinc borohydride, disiamylborane, diborane. t-butylaminoborane, pyridine-borane com- 
plex, dicyclohexylborane. thexylborane, 9- borabicyclo[3.3.1]nonane, diisopinocamphenyl borane or lithium 
tri-sec-butyl borohydride to the corresponding dihydroxycarboxylate of the formula 1-1 . 

w This reaction can be conducted in a solvent selected from hydrocarbons, halogenated hydrocarbons, 
Ct-4 alcohols, ethers and solvent mixtures thereof, at a temperature of from -100 to 50* C, preferably from 
-78 to 30* C. 

Further, as described in J. Amer. Chem. Soc, 105, 593 (1983). a trialkylborane such as tri-n- 
butylborane or triethylborane and sodium borohydride are used at a low temperature. Further, as described 
;s in Tetrahedron Letters, 28, 155 (1987), the erythro form having biologically superior activities can advanta- 
geously be obtained by "using an alkoxydialkylborane such as methoxydiethylborane or ethoxydiethylborane 
and sodium borohydride. 

This reaction can be conducted by using a solvent mixture of Ci -4 alcohol and tetrahydrofuran at a 
temperature of from -80 to -50* C, preferably from -72 to -68* C. 
20 Step G is a step for hydrolyzing the ester. The hydrolysis can be conducted by using an equimolar 
amount of a base, preferably potassium hydroxide or sodium hydroxide, in a solvent mixture of water and 
methanol or ethanol at a temperature of from 10 to 25* C. The free acid hereby obtained may be converted 
to a salt with a suitable base. 

Step H is a step for forming a mevalonolactone by the dehydration reaction of the free hydroxy acid I-2. 
25 The dehydration reaction can be conducted in benzene or toluene under reflux while removing the resulting 
water or by adding a suitable dehydrating agent such as molecular sieve. 

Further, the dehydration reaction may be conducted in dry methylene chloride by using a lactone- 
forming agent such as carbodiimide, preferably a water soluble carbodiimide such as N-cyclohexyl-N'-[2'- 
(methylmorpholinium)ethyl]carbodiimide p-toluene sulfonate at a temperature of from 10 to 35* C, preferably 
30 from 20 to 25* C. 

Step J represnts a reaction for hydrogenating the double bond connecting the mevalonolactone moiety 
and the pyrazolopyrimidine ring. This hydrogenation reaction can be conducted by using a catalytic amount 
of palladium-carbon or rhodium-carbon in a solvent such as methanol, ethanol, tetrahydrofuran or acetoni- 
trile at a temperature of from 0 fo 50* C, preferably from 10 to 25* C. 
as Step K represents a reaction for the synthesis of an a,0-unsaturated carboxylic acid ester, whereby a 
transform a./8-unsaturated carboxylic acid ester can be obtained by a so-called Homer-Wittig reaction by 
using an alkoxycarbonylmethyl phosphonate. The reaction is conducted by using sodium hydride or 
potassium t-butoxide as the base in dry tetrahydrofuran at a temperature of from -30 to 0*C, preferably 
from -20to-15*C. 

40 Step L represents a reduction reaction of the a, ^-unsaturated carboxylic acid ester to an allyl alcohol. 
This reduction reaction can be conducted by using various metal hydrides, preferably diisobutylaluminum 
hydride, in a solvent such as dry tetrahydrofuran or toluene at a temperature of from -10 to 10* C, 
preferably from -10 to 0* C. 

Step M represents an oxidation reaction of the allyl alcohol to an enal. This oxidation reaction can be 
45 conducted by using various oxidizing agents, particularly activated manganese dioxide, in a solvent such as 
tetrahydrofuran, acetone, ethyl ether or ethyl acetate at a temperature of from 0 to 100* C, preferably from 
15 to 50* C, or in accordance with Swern oxidation by using oxalyl chloride, dimethylsulfoxide and a tertiary 
amine such as triethylamine. 

Step N represents a reaction for the synthesis of an ©.^-unsaturated ketone by the selective oxidation 
so of the dihydroxy carboxylic acid ester. This reaction can be conducted by using activated manganese 
dioxide in a solvent such as ethyl ether, tetrahydrofuran, benzene or toluene at a temperature of from 20 to 
80* C, preferably from 40 to 80* C. 

Further, the compound of the formula I-6 can be prepared from the aldehyde of the formula V by 
Wadsworth- Emmons coupling reaction (J. Amer. Chem. Soc, 107, 3731 (1985)). It can also be prepar d 
55 from the enal of the.formula III (Tetrahedron Letters, 26. 2951 (1985)). 

Further, the compound of the formula 1-7 can be prepared by adding a double anion of an acetoacetate 
to the aldehyde of the formula XIII prepared by the continuous Wrttig reaction (WO-8402131) from the 
aldehyde of the formula V in the same manner as in Step E, to obtain the ketocarbaoxylate of the formula 
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^t^^y^T^SXrane such * MMW- « 
, conduct » a .*« n*«e C-. afcoho, and teWhydrofcran a. a 

or X "idng agent to M *e coming d^droxycartoxytate 0. th. tan*. W. 

substituents having hydroxyl. amino and monoalkylam.no. compound of the 

- a us r^ t r^ g a^^™- -» - — - — - * 

B "™ Zaire upon the add** of the arcng base is from -«0 to 26' C. and the tenure „pon 

the addition of the aldehyde is -35 to 30 C. Wrrtll i* yiv xx XXI XXII XXIII or XXIV is 

forTmtr oTZt- To, exampie. a mixture of acetic acid and tetrabutyiammomum fluoride m 

20 Meniere ar hydroxyi-protecting groups other than R*> at the time of the removal of the protecting 
group, such protecting groups may be removed lb fQrmula ^ witn ^ ^po^ 

(Step DD-3). 
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The hydroxyl-protecting group (R 30 ) is as defined in Steps CC-1 and CC-2. 
The reaction condition for Step DD-1 may be the same as in the method of Step CC-1. 
Step DD-2 represents (1) the hydrolysis and (2) the oxidation. The hydrolys.s can be conducted in a 
solvent mixture such as 10% HCI in tetrahydrofuran or acetic acioVwater/tetrahydrofuran. preferably acetic 
s acid/waterrtetrahydroruran. , . 

The reaction temperature is from 10 to 100 C. preferably from 20 to 60 C. 

The oxidation of the hemiacetal formed by the hydrolysis can be conducted under a m.ld condition. The 
reaction condition varies depending upon the type of the oxidizing agent used. 

When the oxidizing agent is pyridinium chlorochromate. the react.cn temperature » from 20 to 30 C. 
,o and the solvent used is halogenated hydrocarbons, preferably methylene chloride. 

Swern oxidation is. conducted by using a m.xture system of oxalyl 
chloride/dimethylsulfoxidertriethylamine as the oxidizing agent, the reaction temperature is from -60 to 
-40' C. and the solvent used is a halogenated hydrocarbon, preferaby methy ene chlo " d * 

When the oxidizing agent is N-methylmorpholinoxide and dichloro-tns((phenyl)3Phruthen.um II the 
„ reaTn temperature is from 0 to 40* C. preferably from 20 to 30' C. and the solvent ,s dry d.meth y lfor- 

agent is AgC0 3 on Celite. the reaction temperature is from 0* C to the boiling point 
of the reaction solution, preferably at most 150* C. and the solvent is benzene, to. uer* > ^e^etc 

The reaction condition for the removal of the protecting group m Step DD-3 may be the same as .n the 

20 ^Steps' EE-! an^ EE-2 represent WittJg reaction of the compound of the formula «-*™d 
of the formula XXIII (Step EE-1) followed by removal of the hydroxyl-protecting group (R 3 ) (Step EE-2). 

The hydroxyl-protecting group (R 30 ) is as defined in Steps CC-1 and CC-2. 

The reaction condition for the Step EE-1 may be the same as in the method of Step CC-1 . 
25 The reaction condition for removing the protecting group in Step EE-2 may be the same as in the 

me Tetm^u C nds 2 of the formulas 1-1. 1-2. .-3. M. .- 5. 1-6. 1-7. .-8. .-9. ... XIV and XV. shown in Tabie 1. 

are typical examples of the compounds of the present invention. cftonn H a rx, t- 

™Table 1, and in the following description, n-means mormal. i- means s % me ^ 
30 means tertiary and c- means cycle. Likewise. Me means methyl, Et means ethyl. Pr means propyl, Bu 
means butyl, Hex means hexyl and Ph means phenyl. 
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R 3 R 4 



Table 1 




Oompound . . 

OH OH 



C I - 1 ) (R I2 =Et) 




i 2 _ u \ same as above 
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Compound 



- Y - Z 



( I - 6 > (R ,2 =Et) 



0 OH 




C0 2 R 



I 2 



d-7) (R ,2 = Bt) 



OH OH 




C0 2 R 



1 2 



(1-8) (R ,2 =H) 



OH OH 




C02R 1 



( I - 9 ) (R ,2 =Na) 




C0 2 R 



1 2 



n, (r ,2 =eo 



( 11 ) 



OH 0 




C0*R 



1 2 



XIV) (R ,2 = Et) 



OH 0 




C0 2 R 



t 2 



(XVI) (R ,2 = Et) 



0 OH 




C0 2 R 



I 2 
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Table 1 (continued) 





R 1 


R 2 


R 3 


R 4 


R 5 


5 


H 


H 


H 


H 


i-Pr 




H 


H 


4-F 


H 


i-Pr 


10 


H 


H 


4-C i 


H 


i-Pr 


- 


H 


H 


3-He 


4-F 


i-Pr 


IS 


H 


H 


H 


H 


c-Pr 




H 


H 


4-F 


H 


c-Pr 


20 


H 


H 


4-C i 


H 


c-Pr 




H 


H 


3-Me 


4-F 


c-Pr 


25 


Me 


H 


H 


H 


i-Pr 




Me 


H 


4-F 


H 


i-Pr 


30 


Me 


H 


4-C£ 


H 


i-Pr 




Me 


H 


3-Me 


4-F 


i-Pr 


35 


Me 


H 


H 


K 


c-Pr 




Me 


H 


4-F 


H 


c-Pr 


40 




H 


4-C I 


H 


c-Pr 




Me 


H 


3-Me 


4-F 


c-Pr 




Et 


H 


H 


H 


i-Pr 




Et 


H 


4-F.. 


H 


i-Pr 
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Table 1 (continu d) 
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K 




R 3 


R 4 


R s 


c t 


H 

11 


4-C H 


II 


i-Pr 


p f 

D U 
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3-Me 


4-F 


i-Pr 


b t 


U 

n 


H 


H 


c-Pr 


E t 


u 
n 


4-F 


H 


c-Pr 


fc t 


u 
n 


4-C £ 


H 


c-Pr 


E t 


u 
n 


3-Me 


4-F 


c-Pr 


Et 


ne 


u 

n 


H 


i-Pr 


Et 


ne 


4-F 


H 


i-Pr 


E t 


Mo 


4-C £ 


H 


i-Pr • 


b t 


M o 


3-Me 


4-F 


i-Pr 


b t 




H 

II 


H 


c-Pr 


Et 


M A 

. ne 


4-F 


H 


c-Pr 


E t 




4-C j2 


H 


c-Pr 


b t 


M o 


3-Me 


4-F 


c-Pr 


n-Pr 


H 


u 

. n 


n 


i-Pr 


n-Pr 


H 


4-F 


K 


i-Pr 


n-Pr 


H 


4-C & 


H 


i-Pr 



60 



55 



33 



EP 0 374 448 A1 

Table 1 (continued) 



R 1 


R 2 


R 3 


R 4 


R 5 


n-Pr 


H 


3-Me 


4-F 


i-Pr 


n-Pr 


H 


H 


H 


c-Pr 


n-Pr 


H 


4-F 


H 


c-Pr 


n-Pr 


H 


4-C I 


H 


c-Pr 


n-Pr 


H 


3-Me 


4-F 


c-Pr 


i-Pr 


H 


• H 


H 


i-Pr 


i-Pr 


H 


4-F 


H 


i-Pr 


i-Pr 


H 


4-C £ 


H 


i-Pr 


i-Pr 


H 


3-Me 


4-F 


f-Pr • 


i-Pr 


H 


H 


H 


c-Pr 


i-Pr 


H 


4-F 


H 


c-Pr 


i-Pr 


H 


4.-C £ 


H 


c-Pr 


i-Pr 


H 


3-Me 


4-F 


c-Pr 


n-Bu 


H 


H 


H 


i-Pr 


n-Bu 


H 


4-F 


H 


i-Pr 


n-Bu 


H 


4-C £ 


H 


i-Pr 


n-Bu 


H 


3-Me 


4-F 


i-Pr 


n-Bu 


H 


H ". 


H 


c-Pr 
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Table 1 (continued) 



K 


rv 


R 3 


R 4 


R 5 


n-Bu 


u 
n 


A- F 


H 


c-Pr 


n-Bu 


u 
n 




H 


c-Pr 


n- Bu 


u 
n 


3- He 


4-F 


c-Pr 


t- Bu 


u 
n 


H 

n 


H 


i-Pr 


t-Bu 


H 


A P 
4 - r 


H 


i -Pr 


t-Bu 


it 
H 


A C 0 


H 


i-Pr 


t-Bu 


H 


Q Mo 


4-F 


i -Pr 


t-Bu 


it 
H 


u 
n 


u 

u 


c-Pr 

* 


t-Bu 


ti 
n 


A V 


H 


c-Pr • 


i ft 

t-Bu 


H 


ACQ 


H 


c-Pr 


i n 

t-Bu 


H 


one 


4-F 


c-Pr 


c-Pr 


u 
H 


u 
n 


H 


i-Pr 


c-Pr 


n 


A R 
4 - r 


H 

n 


i-Pr 


n 

c^Pr 


u 
n 




H 

il 


i-Pr 


c-Pr 


H 


■ 3-Me 


4-F 


1 - r r 


c-Pr 


H 


H 


H 


c-Pr 


c-Pr 


H 


4-F 


H 


c-Pr 
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R 1 
Me 

n-Pr 

n-Pr 

n-Pr 

n-Pr 

n-Pr 

n-Pr 

n-Pr 

n-Pr 

i-Pr 

i-Pr 

i-Pr 

i-Pr 

i-Pr 

i-Pr 

i-Pr 

i-Pr 



Table 1 (continued) 

r * R 3 R 4 R 5 

3- Me 4-F c-Pr 
H H i-Pr 

4- F H i-Pr 
4-C£ H i-Pr 

3- Me 4-F i-Pr 
H H c-Pr 

4- F H c-Pr 
4-C4 H c-Pr 

3- Me 4-F c-Pr- 
H H i-Pr 

4- F* H i-Pr 
4-C4 H i-Pr 

3- Me 4-F i-Pr 
H H c-Pr 

.4-F H c-Pr 

4- C£ H c-Pr 
3-Me 4-F c-Pr 



Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph' 
. Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
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Table 1 (continued) 

R 2 R 3 R 4 



PhCH 2 
PhCHz 
PhCHi 
PhCHz 
PhCHz 
PhCHz 
PhCHz 
PhCHz 

H 

H 

H 

H 

H 

H 

H 

H 

H 



Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 
4-F-Ph 
4-F-Ph 
4-F-Ph 
4-F-Ph 
4-F-Ph 
4-F-Ph 
4-F-Ph 
4-F-Ph 
4-MeO-Ph 



H 

4-F 

4-C I 

3- Me 
H 

4- F 
4-C I 

3- Me 
H 

4- F 
4-C I 

3- Me 
H 

4- F 
4-C i 
3-Me 

H 



H 
H 
H 

4-F 
H 
H 
H 

4-F 
H 
H 
H 

4-F 
H 
H 
H 

4-F 
H 



R 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
c-Pr 
c-Pr 
c-Pr 
c-Pr 
i-Pr • 
i-Pr 
i-Pr 
i-Pr 
c-Pr 
c-Pr 
c-Pr 
c-Pr 
i-Pr 
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Table 1 (continued) 







R 1 


1 


R 2 


R 3 


R 4 


R 5 


5 




H 


4- 


MeO-Ph' 


4-F 


H 


i-Pr 






H 


4- 


MeO-Ph 


4-C£ 


H 


i-Pr 


10 




H 


4- 


MeO-Ph 


3-Me 


4-F 


i-Pr 




• 


H 


4- 


MeO-Ph 


H 


H 


c-Pr 






H 


4- 


MeO-Ph 


4-F 


H 


c-Pr 






H 


4- 


MeO-Ph 


4-C£ 


H 


c-Pr 


20 




H 


4- 


MeO-Ph 


3-Me 


4-F 


c-Pr 






Ph 




H 


H 


H 


i-Pr 


25 




Ph 




H 


4-F 


H 


i-Pr 






Ph 




H 


4-Cjg 


H 


i-Pr 


30 




Ph 




H 


3-Me 


4-F 


i-Pr 






Ph 




. H 


•H 


H 


c-Pr 


35 




Ph 




H 


4-F 


H 


c-Pr 






Ph 




H 


4-C£ 


H 


c-Pr 


40 




D k 

r n 




u 
n 


•^-Me 


4-F 


c-Pr 




4 


-F- 


Ph 


H 


H 


H 


i-Pr 


45 


4 


-F- 


Ph 


H 


4-F 


H 


i-Pr 
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Table 1 (continued) 



R ' 


R 2 


R 3 


R * 


R 5 


4-F-Ph 


H 


4-C £ 


H 


i-Pr 


4-F-Ph 


H 


3-Me 


4-F 


i-Pr 


4-F-Ph 


H 


H 


H 


c-Pr 


4-F-Ph 


H 


4-F 


H 


c-Pr 


4-F-Ph 


H 


4-C £ 


H 


c-Pr 


4-F-Ph 


H 


3-Me 


4-F 


c-Pr 


4-C £ -Ph 


H 


H 


H 


i-Pr 


4-C £ -Ph 


H 


4-F 


H 


i-Pr 


4-C £ -Ph 


H 


4-C £ 


H 


f-Pr • 


4-C £ -Ph 


H 


3-Me 


4-F 


i-Pr 


4-C £ -Ph 


H 


H 


H 


c-Pr 


4-C £ -Ph 


H 


4-F 


H 


c-Pr 


4-C £ -Ph 


H 


4-C £ 


H 


c-Pr 


4-C £ -Ph 


H 


3-Me 


4-F 


c-Pr 


4-MeO-Ph 


H 


H 


H 


i-Pr 


4-MeO-Ph 


H 


4-F 


H 


i-Pr 


4-MeO-Ph 


H 


4-C £ 


H 


i-Pr 
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R * 

4-MeO-Ph 
4-MeO-Ph 
4-MeO-Ph 
4-MeO-Ph 
4-MeO-Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 



Table 1 (continued) 

r » R 3 R 4 R 5 

3- Me 4-F i-Pr 
H H c-Pr 

4- F H c-Pr 
4-C£ H c-Pr 

3- Me 4-F c-Pr 
H H i-Pr 

4- F H i-Pr 
4-C£ H i-Pr 

3- Me 4-F i V -Pr- 
H H c-Pr 

4- F H c-Pr 
4-CjK H c-Pr 

3- Me 4-F c-Pr 
' H H i-Pr 

4- F H i-Pr 
4-C£ H i-Pr 
3-Me 4-F i-Pr 



H 
H 
H 
H 
H 

i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
Me 
Me 
Me 
Me 
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10 



75 



20 



25 



30 



35 



40 



45 



R 1 
H 
H 
H 
H 
H 
H- 
H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 



R 2 
He 
He 
He 

i-Pr 

i-Pr 

i-Pr 

i-Pr 

i-Pr 

i-Pr 

i-Pr 

i-Pr 

n-Hex 

n-Hex 

n-Hex 

n-Hex 

n-Hex 

n-Hex 



R 3 
4-F 
4-C Z 

3- He 
H 

4- F 
4-C ft 

3- He 
H 

4- F 
4-C a 

3- He 
H 

4- F 

' 4-C i 
.3-Me 
H 

4-F 



R 4 

H 
H 
4-F 
H 
H 
H 
4-F 

H 

H 

H 
4-F 

H 

H 

H 
4-F 

H 

H 



R 5 
c-Pr 
c-Pr 
c-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
c-Pr 
d-Pr • 
c-Pr 
c-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
c-Pr 
c-Pr 
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Table 1 (continued) 



R 2 


R 3 


R 4 


R 5 


n-Hex 


4-C £ 


H 


c-Pr 


n-Hex 


3-Me 


4-F 


c-Pr 


vinyl 


H 
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i-Pr 


vinyl 


4-F 


H 


i-Pr 


vinyl 


4-C £ 


H 


i-Pr 


vinyl • 


3-Me 


4-F 


i-Pr 


vinyl 


H 


H 


c-Pr 


vinyl 


4-F 


H 


c-Pr 


vinyl 


4-C SL 


H 


c-Pr- 


vinyl 


3-Me 


4-F 


c-Pr 


Me 


H 


H 


i-Pr 


Me 


4-F 


H 


i-Pr 


Me 


4-C £. 


H 


i-Pr 


Me 


3-Me 


4-F 


i-Pr 


Me 


.H 


H 


c-Pr 


Me 


4-F 


H 


c-Pr 


Me 


4-C i 


H 


c-Pr 


Me 


3-Me 


4-F 


c-Pr 
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Table 1 (continued) 
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Et 
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Et 
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i-Pr 


Et 
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i-Pr 


Et 
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l-rr 
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2- furyl 
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3-Me 
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c-Pr 


2 - thienyl 


H 


H 


H 


i-Pr 



45 



EP 0 374 448 A1 



2 - thienyl H 
2 - thienyl H 
2 . thienyl H 



Table 1 (continued) 

R . R* R 1 R" 4 

thienyl H 4-F H 1 " Pr 

4-C£ H . i-Pr 

3-He 4-F i-Pr 

H H c-Pr 

2- thienyl H 4-F H c-Pr 

2-thienyl R ' 4-C Z H c-Pr 

2- thienyl H 3-Me 4-F c-Pr 

2-pyridyl H H H i-Pr 

2-pyridyl H 4-F « i " Pr " 

2_pyridyl H 4-C£ H i-P f 

2-pyridyl H 3-Me 4-F i-Pr 

2-pyridyl H H H C-Pr 

2-pyridyl fi 4-F H c-Pr 

2-pyridyi H 4-C £ H c-Pr 

2- pyridyl H 3-Me 4-F c-Pr 
3.pyridyl H H H i-Pr 

3- pyridyl H 4-F H i-Pr 
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Table 1 (continued) 
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Me 


Zl 
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H 


i-Pr 


Me 


cz 
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H 


i-Pr 
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H 
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Table 1 (continued) 
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4-F 
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48 



EP 0 374 448 A1 



Table 1 (continued) 
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4-F 
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Table 1 (continued) 



R ' 
Vinyl 
Vinyl 
Me- 
Me 
Me 
Me 
Me 
Me 
Me 
Me 

3-CF 3 -Ph 

3-CF 3 -Ph 

3-CFs-Ph 

3-CF 3 -Ph 

3-CF 3 -Ph 

3-CF 3 -Ph 

3-CFs-Ph 



R 2 
H 
H 

OMe 
OMe 
OMe 
OMe 
OMe 
OMe 
OMe 
OMe 
H 
H 
H 
H 
H 
H 
H 



R 3 
4-C a 

3- Me 
H 

4- F 
4-C JL 

3- Me 
H 

4- F 
4-C 4 

3- Me 
H 

4- F 
A-Oi 

3- Me 
H 

4- F 
4-C i 



R 4 
H 
4-F 
H 
H 
H 

4-F 
H 
H 
H 

4-F 
H 
H 
H 

4-F 

H 
H 
H 



R 5 
c-Pr 
c-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
c-Pr. 
c-Pr 
c-Pr 
c-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
c-Pr 
c-Pr 
c-Pr 
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Table 1 (continued) 
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H 
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• 4-F 


H 


c-Pr 






Me 


OPh 


4-C£ 


H 


c-Pr 


45 




Me 


OPh 


3-Me 
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Table 1 (continued) 

R 3 R 4 R 5 

H 4-c-Pr H c-Pr 

H 4-MeO H i-Pr 

H 4-MeO H c-Pr 

H 4-N(Ne) 2 H c-Pr 

H 4-CF 3 H c-Pr 

H 4-Ph H c-Pr 

H 4-OH H c-Pr 

H 4-0CH 2 Ph H c-Pr 

H 4-0SiMe 3 H * c-Pr 

H 4-CH 2 0H H c-Pr 

H 4-0CH 2 CH 2 0Me H c-Pr 

H 3,4-OCH 2 0- c-Pr 

H 3,4-CH=CH-CH=CH c-Pr 

H H H H 

H • 4-F ' H H 

H 4-C£ H H 

H 3-Me 4-F H 
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Table 1 (continued) 
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R 4 
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H 


H 


Me 


H 
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-C(CH 3 )=CH 
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Table 1 (continued) 
R 3 R 4 



4-F 
4-C i 

3- He 
H 

4- F 
4-C & 
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4- F 
4-C £ 
3-Me 
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4-F 

H 
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H 



R 5 

C(CH 3 )=CH 2 
-C(CH 3 )=CH 2 
-C(CH 3 )=CH 2 
c-Hex 
c-Hex 
c-Hex 
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Cyclo-3-PentenyI 
Cyclo-3-Pentenyl 
Cyclo-3-Pentenyl 
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H 


Ph 
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4-F 
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CH 2 Ph 
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Table 1 (continued) 
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Table 1 (continued) 
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Table 1 (continued) 
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Table 1 (continued) 
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Table 1 (continued) 
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pha^ac^a., accapttb* a* r*£tt~£^£XZ£Z 

blosynthasis «t,e«ln HMG^oA reductase «*•.. «. ^l^,* ^.eLol In wood a. 

cr^r^^^^ — — 

f ^crp=d^^ 

M compound ol the prasant ..wanton * *»« ^""^ ^^"pharmaceuncally accaptaK. 

sraa.-rar sssssSa =s 

g ,ycol or silica, and a disintegrator «^"«^J*^ invention is not limited to such oral administra- 
However. the pharmaceutical co '^^J^T^^T ^ may be administered in the form of 
tion and it is applicable for parenteral admmis p^^ne glycol, lanolin 
e.g. a suppository formulated by usmg o,.y ^J^^^^^^jJ^ vaseline, 
or fatty acid triglyceride, a transdermal «* ra J?'£*"^^ £2 Zlenl, an injection formula- 

membrane, a nasal mucoua memb-an. and an muowj ^ , ^ l0Mxchan9 , main, 
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the weight or the condition of illness of the patient. , rtr ^ 

The compounds of the formulas II to IX are novel, and they are .mportan informed .ates for ft. 
preparation clih. compounds of the formula I. Accordingly, the ores nt mvention relates a.so to the 

of the compounds of the present invention, their Preparation Examples and 
CZSEX HoleT T, hooid » understood M the present invent is.b, no menas 
restricted by such specific Examples. 



PHARMACOLOGICAL TEST EXAMPLES 



Test A: Inhibition of cholesterol biosynthesis from acetate in vitro 

Enzvme solution was prepared from liver of male Wistar rat billialy connulated and discharged bile for 

mM [2-"C]sodium acetate (0.2 uCi) with 4 m of test compound solution dissolved 
su«oL To stop reaction and saponify. 1 ml of 18% EtOH-KOH was added to the <"T™**^* 
75 1 C f o r ? hoSr. Nonsaponifiable lipids were extracted with petroleum ether and incorporated C 
radioactivity was counted. Inhibitory activity of compounds was indicated with IC50. 

Test B: Inhibition of cholesterol biosynthesis in culture cells 

Hep G2 cells at over 5th passage were seeded to 12 well 
modified Paale (DME) medium containing 10% of fetal bovine serum (FBS) at 37 C, 5% CO2 until cms 
™r! conS or agouti day? Cells lere exposed to the DME medium contaiing 5% of hpopro ejn 
oX^mZ LpDS) prepared by ultracentrifugation method for over 24 hours. Medium was changed to 
0 ml of M 5% LpDS containing DME before assay and 10 u. of test compound 
w'LTor DMSO were added 02 uCi of [2-'*C]sodium acetate (20 ul) was added at 0 hr(B-1) or 4 hrs(B-2) 

A«er 4 hrs further incubafion -jLg^^'^SM 
removed and cells were washed with phosphate buffered saline (PBS) chilled at 4 a CeHs 
^ rubber policeman and collected to tubes with PBS and digested with 0^ ml of 0 5 N KOH at 37 C 
A lot of digestion was used for protein analysis and remaining was saponified with 1 1 m of 
koh ,t 75° c for 1 hour Nonsaponifiable lipids were extracted with petroleum ether and <*C radioactivity 
ITcolL <£^ flSby ceil protein and indicated wtth DPM/mg protein. Inhibitory actvity of 
compounds was indicated with IC50. 

Test C: Inhibition of cholesterol biosynthesis in vivo 

weioht (04 ml/100 g body weight), were dissolved in water or suspended In 0.5% met 5^ cellu ^ s h e ac an t ° 
weignt (u.« mi/.uus uuuy y ;. ... pM . hj| cno | est ero bosynthesis reaches to 

Sr^S^^en^ aS i-pora»d » ^ - 
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""wftHory activity was indicated as percent decrease of counts in testing groups (DPM/2 ml serum/2 

hours) from that in control group. . . . . 

With respect to the compounds of the pres nt invention, the inhibitory act.vrt.es against the cholesterol 
biosynthesis in which HMG-CoA reductase serves as a rate limiting enzyme, were m asur d by the abov 
Test A and B. The results are shown in Tables 2, 3-1 and 3-2. 

The chemical structure of Reference Compound is shown as follows. CS-514 




ICsoOf CS-514inTest Awas9.0 x 10" 9 M/l. 

The relative activities of the compounds of the present inventoon based on the activities of 
25 Test A being evaluated to be 1 , are shown in Table 2. 

Table 2 



Relative activities by Test A 


Compound of the 


Relative 


present invention 


activities 


1-5-1 


0.64 


I-5-2 


0.09 


I-5-3 


0.27 


I-5-4 


0.39 


I-5-5 


0.29 


1-5-6 


0.75 


1-5-7 


0.20 


1-5-8 


0.09 


1-5-9 


0.13 



45 ICso of CS-514 in Test B-1 was 3.66 x 10"* M/l. 

The relative activities of the compound of the present invention based on the activities of CS-514 by 
Test B-1 being evaluated to be 1, are shown in Table 3-1. 



50 



55 
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Table 3-1 



Relative activities by T st B-1 


Compound of the 


Relative 


present invention 


activities 


1-1-1 


17.8 


II-2 


11.0 


1-1-3 


29.5 


1-5-3 


26.0 



Further, the Test B-1, the inhibitory activities of the compound of the present invention at a concentra- 
75 tion of 1.0 x 10" 6 mol/t are shown in Table 3-2. 

Table 3-2 



Inhibitory activities of the 


compound of the present 


invention at a concentration of 


1.0 x 10-* mol/i by Test B-1 


Compound of the 


Relative 


present invention 


activities 


1-1-1 


67.3 


1-1-3 


66.1 


1-5-1 


53.9 


I-5-2 


44.6 


I-5-3 


66.3 


I-5-4 


57.1 


I-5-5 


55.3 


I-5-6 


58.0 


II-2 


58.2 



40 Results of the measurement of the inhibitory activities by Test C- 

The percent decreases of counts after the oral administration of 0.2 mg/kg of compound 1-5-1 was 50%. 
relative to the measured value of the control group. The percent decrease of counts after the oral 
administration of 0.2 mg/kg of CS-51 4 was 34% under the same condition. 
45 As is evident from the foregoing, the compounds of the present ivention exhibited activities equivalent 
or superior to the reference compound CS-51 4 in Tests B-1 and C. 



so 



55 



Test D: Acute toxicity 

A 0 5% CMC suspension of a test compound was orally administered to ICR male mice (group of thre 
mice) The acute toxicity was determined based on the mortality after seven darys. With compound I-5-4 
and 1-5-6 of the present ivnention. the mortality was 0% even when they were orally administered in an 
amount of 1 .000 mg/kg, respectively. 



EXAMPLE 1 
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Ethyl (EV7 . [7 \(4^fluorophenyl)-2'-meth^ 
dihydroxyhept-6-enoate (Compound 1-1-1) 

This compound was pr pared by the synthesis comprising the following reaction steps Example 1-a to 
5 Example 1-f. 



EXAMPLE 1-a 



10 



15 



20 



7-(4-f luorophenyl)-6-hvdroxvmethy|.2-methvl-5-(l '.methylethyDp vrazolon .5-abvrimidin (Compound VM ) 
4.40 g (12.9 mmol) of ethyl 7-(4^f(uoropheny.)-2-methyl-5-(l'-me%lethyl)pyr^ 

6 sipTaral if ethyl 7.(4'-f.uorpphen y .)-2-meth y l-5-(1 <™*<***K^ 
ylate by thin layer chromatography, a saturated ammonium chloride aqueous solufon w* padded hereto at 
0* C to terminate the reaction. Diethyl ether was added to the react.on mixture, and the organic ayer was 
LarldT ge led substance was dissolved by an addition of a sodium hydroxide aqueous solution and 
neTexfrarted wtleLl ether. The ethyl ether extracts were put together and dried over anhydrous 
m^L^^Tr^ was subjected to fixation, and the solvent was ^^^^ 
was recrystallized from ethyl acetate to obtain 3.24 g (yield: 84%) of the sUghtly yellow des,red compound. 



25 



Melting point 188-188.5 C 
EXAMPLE 1-b 



30 y-^fluorophenyl^-me^ 
1) 

3 54 a (16 4 mmol) of pvridinium chlorochromate, 0.59 g of anhydrous sodium acetate and 3.07 g (103 
mmo^fUmpou^TvM were suspended in 30 ml of dry dichloromethane. The suspense was stirred at 
fiSSKTtor 2 hours Then the solvent was distilled off under reduced pressure. The desired 
35 r ^TT:ZL^^Le thereby obt*ned with diethyl ^^^S* 
tooettier and the solvent was evaporated under reduced pressure to dryness. The residue he .reby ottamed 
wSSerted to sSi J gel column chromatography (eluent: chloroform) to obtain 2.77 g (y.e.d: 91%) of the 
slightly orange colored desired compound. 
40 Melting point: 194-197* C 



EXAMPLES 1-c and 1-d 



45 (E)-3-r/^^ 
(Compound 111-1) 

50 Example l-c 

9.79 g (27.2 mmol) of cis-1-ethoxy-2-(tri-n-buty.stannyl)ethylene was dissolved in 80 ml of dry 
tetrahydroLran, and the solution was cooled to -78' C under a nitrogen atmosphere 7.6 ^ 27 J« * 
a 15 weight % n-butvl lithium-n-hexane solution was dropwise added to th.s ^ solution The mdu was 
65 JredfoS minutejand then, a solution of 2.69 g (9.1 mmol) of Compound dissoK, ed ,n 40 m f *y 
tetrahvdrofuran was dropwise added thereto. The reaction m.xture was stirred at -78 C for one hour, ana 
SKatTS a saturated ammonium chloride solution was added thereto to ^rmmate 
organic layer was extracted with diethyl ether. The ether extract was washed wrth a saturated sodium 
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10 



15 



chloride aqueous solution and dried ov r anhydrous magensium sulfate. The solvent 
reduced oressure and the residue was subjected to liquid separation between n-hexane and ace onrtnle. 
ST!S^^w» subjected to distJHation under reduced pressure to obtain substantially pure 
Compound IV-1. 

EXAMPLE 1-d 

Compound IV-1 obtained in Example 1-c was dissolved in 70 ml of tetrahydrofuran. and 20 ml of water 
and?ror P luenesu.fonic acid were added thereto. The mixture washed at room temperate fa 2 
tours The reaction solution was carefully neutralized with a sodium hydrox.de aqueous «^ ™£ 
Si Xr wS Led thereto, and the extraction was conducted a few times. The "f f 

S a sa^raJd sodium chloride aqueous solution and dried over anhydrous magnes-um sulfate. Then th 
^^^SToB under reduced pressure. The residue was subjected to s,hca gel cokjmn 
rhZUrap^ teluent: ethano.chloroform = 2/98 (wV» to obtain the des,red compound as yellow 
substance. 

Quantity: 2.03 g (yield:^69%) 
Melting point: 166-167* C 



20 



EXAMPLE 1-e 



25 oxohepto-6-enoate (Compound IM) 

1.03 g of 60% sodium hydride was washed with n-hexane, dried under a .nitrogen « ST. 1 ^ 
suspended in 200 ml of dry tetrahydrofuran. The suspension was ^^rL ^Zrel^ 
=^Lh«r e and 3 15 ml (24 7 mmol) of ethyl acetoacetate was dropwise added thereto. The mixture was 
• S^e'SiS^M rmW mmol) of a 15 weight « (n-buty. mg*** ane so u on was 
doc-wise added thereto, and the mixture was stirred for 30 minutes. Further, a solution of 2X» g (6.2 mmoQ 
i^MaVvSZlmi in dry tetrahydrofuran was dropwise added thereto, and the m.xture was stiaed 
t one hour 0 JTa^JSammLn chloride aqueous solution was added to the reaction mixture 
aT-? ? C d S,e rnixture was extracted three times with diethyl ether. The ^ J^^^jJ 



40 



compound. 
Melting point: 92-95" C 



EXAMPLE 1-f 



46 Ethyl iB^^^t^^ 
dlhydroxyhept-6-enoate (Compound 1-1-1) 

1 90 o (42 mmol) of Compound 11-1 was dissolved in 25 ml of ethanol under a nitrogen adhere. 
1.90 g (4.2 mmol) or wimpounu borohydride was added thereto. 

■ Mmmmmm 

55 product. 

Quantity: 1.64 g (yield:86%), 
Melting point: 119-122* C 
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EXAMPLE 2 



Sodium ( EV7-[7^(4^fluorophenyl)-2^methyl-5 , -(l'-methyle1hyl)pyr azolo[1.5- a lpyrimldln-6'-ylh3,S- 
s dihydroxyhept-6-enoate (Compound 1-5-1) _ 

410 mg (0.90 mmol) of Compound 1-1-1 was dissolved in 6 ml of ethanol. and 1 .80 ml of a 0.5 iN 
sodium hydroxide aqueous solution was dropwise added thereto. The mixture was strred at room 
%£J2£Z one hour. Then, ethano. was distilled off under <^Z^«^~™ 
io thereto and extracted with diethyl ether. The aqueous layer was freeze-dried to obtain 370 mg (y.eld. 91 /.) 
of hygroscopic slightly yellow powder. 

^^lletrne'as in Example 1-a. Compounds V.-2 to V.-9 were prepared. Physical properties of 

the compounds thereby obtained are shown in the following Table. 

75 

R 3 R 4 



20 



25 



Table 2 




30 


Compound 




R' 


R 2 


R 3 


r 


R 5 


Melting 
point (°C) 




VI - 2 


t- 


Bu- 


H " 


4-F 


H 


i-Pr 


188-191 


35 


VI - 3 




Ph 


H 


4-F 


H 


i-Pr 


196-19.8 




VI - 4 




Me 


H 


4-F 


H 


c-Pr 


203-207 


40 


VI- 5 




Me 


Me 


4-F 


H 


c-Pr 


174-178 




VI- 6 




Me 


Ph 


4-F 


H 


c-Pr 


156-159 


45 


VI- 7 


2 


- furyl 


H 


4-F 


H 


i-Pr 


234-235 




VI- 8 


• 

i 


-Pr 


H 


4-.F 


H 


c-Pr 




50 


VI - 9 




(CH 2 ) 4- 


4-F 


H 


i-Pr 





H-NMR of Compound VI-8 (CDCb) 5 ppm B9 . 
56 0.7-1.4(m. 4H), 1.21(d,J=7Hz,6H), 2.1-2.8(m, 2H), 2.98(Heptalet. J = 7Hz.1H). 4.51(bs,2H). 6.25(s.1H). 6.9- 

7.7(m.4H) 

H-NMR of Compound VI-9 (CDCb «ppm 



66 



EP 0 374 448 A1 



1 36(d J = 7Hz6H). 1.6.2.0(m,4H), 2^3.0(m, 6H), 3.48<HeptaJ t. J = 7Hz.1H). 4.38<bs,1H), 6.8-77(m.4H) 

inl s^e mann r as in Exampl Lb. Compounds V-2 to V-9 w re prepared. Phys.cal properties of 
the compounds thereby obtained are shown in the following Tabl . 



TO 



75 



Table 3 




20 



25 



30 



35 



40 



Compound 




R 1 


R 2 


R 3 


R 4 


R 5 


Melting 
point (°C) 


V - 2 


t 


-Bu 


H 


4-F 


H 


i-Pr 


103-104 


V- 3 




Ph 


H 


4-F 


H 


i-Pr • 


181-184 . 

* 


V - 4 




He 


H 


4-F 


H 


c-Pr 


193-197 


V- 5 




Me 


Me 


4-F 

t 


H 


c-Pr 


184-185 


, V - 6 




Me 


Ph 


4-F 


H 


c-Pr 


201-204 


V - 7 


2 


- furyl 


H 


4-F 


H 


i-Pr 


224-225 


V - 8 


i 


-Pr 


H 


4-F 


H 


c-Pr 


122-127 


V-9 




(CH 2 ) 


4 - 


• 4-f 


H 


i-Pr 





^i^nliS^!!^ I- and 1-d. Compounds ...-2 to ".-9 were prepared. Phys,ca< 
properties of the compounds thereby obtained are shown in the following Table. 



50 



ss 
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70 



75 



20 



25 



30 



35 



Table 4 



Compound 



i 
i 
m 
i 
in 
i 
i 
in 



2 
3 
4 
5 
6 
7 
8 
9 




R 



H 
H 
H 



t-Bu 

Ph 

Me 

Me M 

Me P 
2-furyl H 
i-Pr 
-(CH 2 )4 



H 



R 3 


R 4 


R 5 


4-F 


H 


i-Pr 


4-F 


H 


i-Pr 


4-F 


H 


c-Pr 


4-F 


H 


c-Pr 


4-F 


H 


c-Pr 


4-F 


H 


i-Pr 


4-F 


H 


c-Pr 


4-F 


H 


i-Pr 



• Melting 
point (°C) 



157-159 
199-203 
190-193 
205-208 
202-208 
216-217 



M H-NMR of Compound 111-8 (CDCI3) 5 ppm , w 1U . e*rv e in\ 6 36- 

0 8-14{m l 4H),126(d.J=7H Z> 6H) l 2.0-2.4(m.1H).3.02(Heptalet, J = 7Hz,1H), 6.30(s.1H). 6.36- 

(dd.J = 16H2.J = 8Hz,1 H). 6.9-7.6(m.5H),9.33(d.J = 8Hz,1 H) 

H-NMR of Compound III-9 (CDCI3) 8 ppm ...... ,_ 1R u, i-o H2 ihi 

1.33(d.J = 7Hz.6H). 1.7-2.0(m.4H), 2.6-3.0(m.4H). 3.32(Heptalet.J=7Hz.1H). 5.83(dd,J-16Hz.J-8Hz.1H), 

45 ^e^^r^L,^ 1-e. Compounds ..-2 to H-9 were prepared. Physica. properties of 

the compounds thereby obtained are shown in the following Table. 



50 



55 
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Table 5 



R 

Compound 

n - 2 
n - 3 
n - 4 
n - 5 
n - 6 
n - 7 
n - 8 
n - 9 




C0 2 R 



t 2 



R l R 2 
t-Bu H 



R 4 R 



1 2 



Ph 
Me 
Me 
Me 

2-furyl. H 
i-Pr H 
(CH 2 )4 



Melting 
point (°C) 

4-P H i-Pr Et 106-109 
H -4-F H i-Pr Et 123-125 
H 4-F H c-Pr Et 115-117 
Me 4-F H c-Pr Et 129-132 
Ph 4-F H c-Pr Et 119-126 
4-F H i-Pr Et 155-158- 
4-F H c-Pr Et 78- 85 



4-F **H i-Pr Et 163-164 



,n the same manner as in Example 1-f, Compounds M-2 to M-9 were prepared. Physica. properties c 
the compounds thereby obtained are shown in the following Table. 
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70 



Table 6 



J^9 




C0 2 R 



I 2 



75 



20 



25 



30 



35 



40 



Compound R 

-1-2 t-Bu H 



Ph H 

Me H 

He Me 

Me Ph 

-1-7 2-furyl H 

-1-8 i-Pr H 
1-9 -<CHi)4 



1-3 
1-4 
■1-5 
1-6 



Melting 

R 3 R 4 R s R 1 2 point (°C) 
4-F 'H • i-Pr Et 120-124 
4-F H i-Pr Et 157-158 



Oil 



4-F H c-Pr Et 
4-F H c-Pr Et 131-134 
4-F H c-Pr Et 146-150 



4-F H i-Pr Et 
4-F H c-Pr Et 
4-F ...H i-Pr Et 153-157 



H-NMR of Compound 1-1-4 (CDCI3) 5 ppm 1 u\ * r. 

0.9-1.5(m.5H). 1 P 29(U = 7Hz.3H). 1.6-1.8(m.1H). 1 .9-2.6(m,3H J. 2.39(s3H> 
4.5(m,2H). 4.19(q,J = 7Hz,2H). 5.4-5.7(m.1H), 6.29(s.1H). 6.4-6.7(m.1H), 7.7-7.6(m.4H) 
H-NMR of Comund 1-1 -7 (CDCIa) i ppm ,« M 3 33 fHeDtalet 

45 0.8-1. 0(m,1H). 1.29(t.J=7Hz.3H). 1.33<d.J=7Hz.6H). ^^^^^-,S^^.!S^ 
J*7Hz.1H). 3.4-3.5(m.lH), 3.7-3.8(m,1 H), 3.9-4.5(m,2H). 4.19<q.J = 7Hz.2H). 5.35(dd,J- 16Hz.J-6Hz.1H). 
6.4-6.6(m.2H). 6.7-6.9(m,2H), 7.0-7.3(m.2H), 7.4-7.6(m,3H) 

H-NMR of Compound M-8 (CDCIa) « ppm i-«h» 9m 3 04 

0.9-1.5(m,8H). 1.26<d.J=7Hz.6H). 1.6-1 .8(m,1H). 2.1-24(rn.lH) 2.43W.J-6HZ.2H . 3£4 
so (Heptalet,J=7Hz.1H). 3.4-3.5(m,1 H). 3.7-3.8<m.1H). 40-4.5(m.2H) "J^-™* 21 * 552 
rtH l-16HzJ = 6Hz1H) 6 33(3.1 H).6.54(dd.J = 6Hz.J = 1Hz.1H) l 7.0-7.3(m,2H).7.4-7.6(m I 2H) 
^tr S L manni; as in Examp.e\ Compound ,o .-5-9 were prepared. Physica. propert.es of 
the compounds thereby obtained ar shown in the following Table. 
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JO 



Table 7 



R 3 R 



15 




C0 2 R 



1 2 



20 



25 



30 



35 



40 



I -5-3 
I -5-4 
I -5-5 
I -5-6 



Melting 




Ph 
Me 
Me 
Me 



I -5-7 2-furyl H 
I -5-8 i-Pr H 
1-5-9 -(CHi)4 



H 

H 4-F H c-Pr Na 212-215 

Me 4-F H c-Pr Ma 209-214 

Ph 4-F H c-Pr Na 213-217 

4-F H i-Pr Na 194-199 

4-F H c-Pr Na 210-215 

4-F ,H i-Pr Na 210-216 



45 



60 



55 
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FORMULATION EXAMPLE 1 


Tablets 




Compound 1-5-1 


1.0 g 


Lactose 


C ft 

s.o g 


Crystal cellulose powder 


8.0 g 


Corn starch 


3.0 g 


Hydroxypropyl cellulose 


1.0 g 


CMC-Ca 


1.5 g 


Magnesium stearate 


0.5 g 


Total 


20.0 g 



The above components were mixed by a usual method and then tabletted to produce 100 sugar coating 
tablets each containing 10 mg of the active ingredient. 



FORMULATION EXAMPLE 2 


Capsules 




Compound 1-5-1 
Lactose 

Crystal cellulose powder 
Magnesium stearate 


1.0 g 
3.5 g 
10.0 g 
0.5 g 


Total 


15.0 g 



The above components were mixed by a usual method and then packed in No. 4 gelatin capsules to 
obtain 100 capsules each containing 10 mg of the active ingredient. . 



FORMULATION EXAMPLE 3 


Soft capsules 




Compound 1-5-1 
PEG (polyethylene glycol) 400 
Saturated fatty acid triglyceride 
Peppermint oil 
Polysorbate 80 


1.00 g 
3.89 g 
15.00 g 
0.01 g 
0.10 g 


Total 


20.00 g 



The above components were mixed and packed in No. 3 soft gelatin capsules by a usual method to 
obtain 100 soft capsules each containing 10 mg of the active ingredient 
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FORMULATION EXAMPLE 4 


Ointment 




Compound 1-5-1 
Liquid Paraffin 
Cetanol 
White vaseline 
Ethylparaben 
t -menthol 


10.0 g (10.0 g) 
20.0 g (20.0 g) 
68.4 g (59.4 g) 
0.1 g ( 0.1 g) 
0.5 g ( 0.5 g) 


I Total 


100.0 g 



The above components were mixed by a usual method to obtain a 1% (10%) ointment. 



FORMULATION EXAMPLE 
5 



Suppository 




. Compound 1-5-1 


1.0 g 


Witepsol H15' 


46.9 g 


Witepsol W35* 


52.0 g 


Potysorbate 60 


0.1 g 


Total 


100.0 g 



•: Trademark for triglyceride compound 



The above components were melt-mixed by a usual method and poured into suposltory ^containers 
followed by cooling for solidification to obtain 100 suppositories of 1 g each containing 10 mg of the active 

ingredient. 



FORMULATION EXAMPLE 6 


Injection formulation 




Compound 1-5-1 

Distilled water for injection formulation 


1 mg 
5 ml 



The 



formulation is prepared by dissolving the compound in the distilled water whenever it is required. 



FORMULATION EXAMPLE 7 


Granules 




Compound 1-5-1 


1.0 g 


Lactose 


6.0 g 


Crystal cellulose powder 


6.5 g 


Corn starch 


5.0 g 


Hydroxypropyl cellulose 


1.0 g 


Magnesium stearate 


0.5 g 


Total 


20.0 g 



The above 



components were granulated by a usual method and packaged to obtain 100 packages each 
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containing 200 mg 



200 mg of the granules so that each package contains 10 mg of the active ingredient. 



Claims 



1. A compound of the formula 



10 



is 




Y-Z 



(I) 



20 wherein R> and R* are independent hydrogen. C,- 8 aikyl. C 2 - s alkenyl. C 3 - 7 cycioalkyl. C-s alkoxy. 
Ci -g aikylthio, fluoro, chloro, bromo, 



25 



30 




(wherein R« R 7 and R" are independently hydrogen, *- alkyl. alkoxy. C 3 ; cycloallcyK 
ilTmemyl. fluoro. chloro or bromo). 2, 3- or 4-pyridyl. 2- or 5-pyrimidyl. 2- or 3-th.enyl. 2- or 3-furyl. «, 

35 or /3-naphthyl, 



40 



(wherein Re is as defined above). 
45 -NR 9 R 10 (wherein R 9 and R 10 are independently hydrogen. Ci-* alkyl. 



so 



-(CH 2 ) 




(wherein R< is as defined above, and m is 1 . 2 or 3). or R 9 and R« together form -<CH 2 ) r (wherein j is 3. 4 
55 or 5)); or Ci -a alkyl substituted by 
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10 




R 6 



(wherein R« is as defined above) and by 0. 1 or 2 members selected from the group consisting of Ci- 
alkyl- or R 1 and R 2 together form C 2 -« alkylene unsubstituted or substituted by 1 to 3 members select* 
from" the group consisting of C-* alkyl. Cw cycloalkyl, fluoro. chloro and bromo, and by one memb 
selected from the group consisting of 



16 



20 



25 



(wherein R 6 is as defined above), or -{CHR«) k .A-(CHR 2 *)i-(wherein k and t are respectively 0. 1, 2 or 3, 
and A is -C(R ,8 ) = C(R 19 )- (wherein R 18 and R 19 are independently hydrogen or C1-3 alkyl). -0-, -S- or -N- 
(R 20 )- (wherein R 20 is hydrogen, Ci-» alkyl or 



.(CHz) 




R 6 



30 



35 



(wherein R s is as defined above, and m is 1. 2 or 3)), and R 23 and R 2 * are independently hydrogen or C,- 
alkyl) or -CH = CH-CH = CH-; R 3 and R* are independently hydrogen, Ci-a alkyl, Cs-7 cycloalkyl, C1-3 
alkoxy. n-butoxy. i-butoxy, sec-butoxy, t-butoxy. R^N- (wherein R 25 and R 26 are independently hy- 
drogen or Ci-a alkyl), trifluoromethyl, trifluoromethoxy. difluoromethoxy, fluoro, chloro. bromo. phenyl, 
phenoxy benzyloxy. hydroxy, trimethylsilytoxy. diphenyl-t-butylsilyloxy. hydroxymethyl or -0(CH 2 )tOR - 
(wherein R« is hydrogen or C,- 3 alkyl. and I is 1. 2 or 3); or when located at the ortho position to each 
other R 3 and R* may together form -CH = CH-CH = CH- or methylenedioxy: Y is -CH 2 -. -CH 2 CH 2 -. 
-CH =CH-, -CH 2 -CH = CH-. -CH = CH-CH 2 -.-C(CH 3 ) = CH- or -CH = C(CH 3 )-; Z iS -Q-CH 2 WCH 2 -C0 2 R 12 , 



40 



45 




60 



or 




COzR" 



55 



(wherein Q is -C(0)-. -C(OR 13 )2- or -CH(OH)- : W is -C(Oh -C(0R'V or -C(R»)(OHh R" « 

C,-3 alkyl- R 12 is hydrogen or R u (wherein R" is alkyl moiety of chemically or physiologically hydrolyzable 

alkyl ester) or M (wherein M is NHR^R 29 (wherein R 27 , R 28 and R 29 are independently hydrogen or 
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Ci-* alkyl) sodium, potassium or 1/2 calcium); two R 13 are Independently primary or secondary C,- s alkyl: 
or two R 13 together form -(CH 2 )z- or -(CH 2 ) 3 -; R' 6 and R 17 are independently hydrogen or C,- 3 alkyl; or R 
and R 17 together form -(CH 2 ) 2 - or -(CH 2 ) 3 -); and R s is hydrogen. C- 8 alkyl. C 2 - 6 alkenyl. C3-7 cycloalkyl. 
Cs-7 cycloalkenyl. or 

s 

R 6 



10 




(wherein R' is as defined above), or C,- 3 alkyl substituted by one member selected from the group 
consisting of 

75 



so 




(wherein R«, R 7 and R 8 are as defined above) and by 0. 1 or 2 members selected from the group 
as con ^^^-^J- accorijing to C|ajm ^ wnerein in ^ formula I. R 1 and R 2 are independently 
hydrogen, Ci- 8 alkyl, C2-6 alkenyl. C 3 -7 cycloalkyl, fluoro. chloro, bromo, 




40 



(wherein R 6 R 7 and R 8 are independently hydrogen. C,-» alkyl. Ci- 3 alkoxy. C3-7 cycloalkyl. 
trifluoromethyl, fluoro. chloro or bromo). 2-. 3- or 4-pyridyl. 2- or 5-pyrimidyl. 2- or 3-thienyl. 2- or 3-furyl. a- 
or 0-naphthyl; or C1 - 3 alkyl substituted by 



4S 



so 



(wherein R s is as defined above) and by 0. 1 or 2 members selected from the group consisting of C, -s 
alkyl- or R 1 and R 2 together form Ca-« alkylene unsubstituted or substituted by 1 to 3 members selected 
from' the group consisting of alkyl, C 3 - 7 cycloalkyl, fluoro. chloro and bromo and by one member 
selected from th group consisting of 



55 
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(wherein R< is as defined above), or .(CHR^CHR^) t -(wherein k and 1 are ^^^^'J^ 
A is -C(R' 8 )=C(R' 9 )- (wherein R« and R 19 are independ ntly hydrog n or C,- 3 alkyl), -0-. -S- or N(R ) 
(wherein R 20 is hydrogen, Ct-* alkyl or 



is 



-(CH 2 ) 




R k 



therein R' is as defined above, and m is 1. 2 or 3)). and R* and R» are independently hydrogen or C,- 
*27Z r^rH-CH = CH-- R^ and R* are independently hydrogen, C,- 8 alkyl. C3-7 cycloalkyl. C,- 3 
^ ^ P FFR«J (wherein R* and R* are independency 

dS or TZ a.kyO.Luoromethy.. tnfluoromethoxy. ^T^'J^^ oTch^OR- 
ohenoxv benzyloxy, hydroxy, trimethylsilyloxy. diphenyl-t-butylsilyloxy. hydroxymethyl or -0(CH 2 )lOR 
SZS'STCw or C,- 3 alkVr. and l is 1. 2 or 3): or when located at the ortho posrton to each 
SSTff and R* may together form -CH^CH-CH^CH. or ^^1^^^°^ 
-CH-CH-. -CH 2 -CH = CH-, -CH=CH-CrV, -C(CH 3 ) = CH-or -CH = C(CH 3 )-; Z .s -Q-CH 2 WCH2 C0 2 R . 



30 



25 



30 



35 



or 




CO2R 



1 z 



40 



45 



therein Q is -C(O)- -C(OR«) 2 - or -CH(OH)-; W is -C(0)-. -C(OR'3) 2 - or -C(R")(OH)-; R" is or 
T-3 a ky? R» S hydrogen or R- (wherein R 1 * is aikyl moiety of chemically or physiologicaHy 
alky e te ) or S (wherein M is NHR»R»R". (wherein R» R* and R- are ydrogen , x 

Cw aL . sodium, potassium or 1/2 calcium); two R" are independently pnmary or secondary C,- 6 alky I 
0 two R^ 3 together form or .(CH*-, W and R" are independently hydrogen , or Cj. -a -^orR 

and R" together form -(CH 2 ) 2 - or -(CH 2 ) 3 -); and R* is hydrogen. C,- 8 alkyl. C.-« alkenyl. cycloalkyl. 
C5-7 cycloalkenyl, or 



50 




55 



(wherein is as defined above), or C,- 3 alkyl substituted by one member selected from the group 
consisting of 
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• R 6 



(wherein R 6 , R 7 and » are as defined above) and by 0. 1 or 2 members se.ected from the group 
10 °T^cS^««*o to Cairn i. wherein in the formuia ff and » are independent 
hydrogen. C,- 8 alkyl. Ca-« alkenyl. C 3 - 7 cycloalkyl. 



rs 



20 



25 




• nc D7 anH rs are indeoendently hydrogen. C-* alkyl, C-s alkoxy. C3-7 cycloalkyl. 
or /J-naphthyl or C1-3 alkyl substituted by 

R 6 



30 




u • 06 • H^fined above) and by 0. 1 or 2 members selected from the group consisting of C, -s 
selected from the group consisting of 



40 



60 



, u • d( le « rtafinad above)- R 3 and R* are independently hydrogen. C1-8 alkyl. C,- 3 alkoxy. n- 
(wherem H» ■ ^Jtutot rtutoxy tfLromethyl. fluoro. chloro. bromo. phenoxy. benzyloxy. hydroxy. 
buto)cy. i-butoxy. sec-butoxy. t-butoxy. xnTiuoromou y , rvrHa . l0R « / w herein R ,s is hydrogen or 

form methylenedioxy; Y is -CH 2 CH 2 - or -CH-CH-; Z .s .Q*H,WCHrCOaR . 



55 
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(wherein Q is -C(0)- or -CH(OH)-; W is -C(O)- or .CH(OH)-; R«« is as defined in Claim 1: and R* is C,- 8 
■^^^^SSto^ 1. wherein in the formuia , R 1 and * are independency 
hydrogen, C-s alkyl. Cz-s alkenyl. C 3 - 7 cycloalkyl or 



s 



R 



6 



JO 




tatar*. R 7 and R 8 are independently hydrogen. Ci- alkyl, C-a alkoxy. C 3 -7 cycloalkyl. 
. jriemyl. «,o" clo or bromo) or C,- 3 alky, united or substituted by 1 or 2 members 
selected from the group consisting of 



20 




R 



25 



/^horoin rs is as defined above)- or R« and R 2 together form Cz-s alkylene unsubstituted or substituted by 
it 3 'memberseSdTm^e group conXiting of 6. alky.. C 3 - 7 cyc.oa.ky.. fluoro, ch.oro and 
bromo. and by one member selected from the group consisting of 



30 




15 therein R* is as defined above); R* and R* are independently hydrogen. C,- 8 alkyl. fluoro chloro or 
Ko and they jXSL at the 3- and 4-position; Y and Z are as defined in Cairn 3; and R* . ethy.. n- 

9T °f 'X^T^ to Cairn 1. wherein in the formula .. FV and RF are independent^ 

inClaim1;andR 5 iscyclopropyl. , ^ flllorQOnBnv | V2 '<nethyl-5'-(r- 

7 The compound according to Claim 1. wh.ch .s (E)-7-[7-(4 -^ or °P™" y £f™ "jL * , 

55 carooxylic acid with hydroxy at th 5-pos.t.o^ (EuW+butyi-y'^'-fluorophenyl^'-d"- 

8 The compound according to Claim 1. whicn is ie)/i*iuuiy. * J; . ^ ■ 
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carboxylic acid with hydroxy at the ^position. , , 

9 The compound according to Claim 1. which is <E)-7-[7 -(4 -fluorophenyl)-5 -(1 -methylethyl)-2 - 
phyenylpyrazolo[1.5-a]pyrimidin^'-yl]-3.5-dihydroxyhept-6^noic acid, a sodium salt, methyl ester, ethyl 
ester, n-propyl ester or i-propyl ester of the carboxylic acid, or a lactone formed by the condensation of the 

5 carboxylic acid with hydroxy at the 5-position. , • u 

10 The compound according to Claim 1. which is (E)-7-[5 -cyclopropyl-7 -(4 -fluorophenyl)-2 - 
methylpyrazolo[1.5-a]pyrimidin-6'-ylh3,5-dihydroxyhept-6-enoic acid, a sodium salt, methyl ester, ethyl 
ester, n-propyl ester or i-propyl ester of the carboxylic acid, or a lactone formed by the condensation of the 
carboxylic acid with hydroxy at the 5-position. , u , vo 'o' 

,o 11 The compound according to Claim 1. which is (E)-7-[5 -cyclopropyl-7 -(4 -fluorophenyl)-2 ,3 - 
dimethylpyra20lo[1.5-a]pyrimidin-6-yl>3.5KJihydroxyhept-6-enoic acid, a sodium salt, methyl ester, ethyl 
ester, n-propyl ester or i-propyl ester of the carboxylic acid, or a lactone formed by the condensation of the 
carboxylic acid with hydroxy at the 5-position. f , 

12 The compound according to Claim 1. which is (E)-7-[5 -cyclopropyl-7 -(4 -fluorophenyl)-2 -methyl- 
rs 3'-phenylpyrazolo[l.5-a]pyrimidin-6'-ylh3.5<lihydroxyhept-6-enoic acid, a sodium salt, methyl ester, ethyl 

ester, n-propyl ester or i-propyl ester of the carboxylic acid, or a lactone formed by the condensation of the 
carboxylic acid with hydroxy at the 5-position. , , ,.„'-„-«. ,« c 'm" 

13 The compound according to Claim 1. which is (E)-7- [7 -<4 -fluorophenyl)-2 -(2 -furyl)-5 -[1 - 
methylethyl)pyrazolo[l,5-alpyrimidin-6'-yl>3,5<iihydroxyhept-6-enoic acid, a sodium salt, methyl ester, ethyl 

20 ester, n-propyl ester or i-propyl ester of the carboxylic acid, or a lactone formed by the condensation of the 
carboxylic acid with hydroxy at the 5-position. ( , „ .„«'„• 

14 The compound according to Claim 1, which is (E)-7-[5 -cyclopropyl-7 -(4 -fluorophenyl)-2 -(1 - 
methylethyl)pyrazolo[1.5-a]pyrimidin-6'-yl>3,5-dihydroxyhept-6-enoic acid, a sodium salt, methyl ester, ethyl 
ester, n-propyl ester or i-propyl ester of the carboxylic acid, or a lactone formed by the condensation of the 

25 carboxylic acid with hydroxy at the 5-position. t m , „ , , 

15 The compound according to Claim 1, which is (E)-7-[7 -(4 -fluorophenyl)-5 -(1 -methylethyl)-2 .3 - 
tetramethylenepyrazolot1.5-a]pyrimidin-6'-ylh3.5-dihydroxyhept-6^noic acid, a sodium salt, methyl ester, 
ethyl ester, n-propyl ester or i-propyl ester of the carboxylic acid, or a lactone formed by the condensation 
of the carboxylic acid with hydroxy at the 5-position. 

30 16. A process for producing a compound of the formula: 



35 



40 



45 




(ID 



wherein R 1 R 2 , R 3 , R* and R 5 are as defined in Claim 1 and R 14 is alkyl moiety of chemically or 
physiologically hydrolyzable alkyl ester, for example. d-» alkyl. which comprises reacting a compound of 
formula: 



50 



55 
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10 




(III) 



wherein R\ R*. R 3 , R 4 and R 5 are as defined above, with a double anion of R" ester of acetoacetic acid 
1$ (wherein R 14 is as defined above). 

17. A process for producing a compound of the formula: 



20 



25 




C0*R 



I 4 



(XIV) 



30 



wherein R 1 R 2 R 3 , R* and R s are as defined in Claim 1 and R'* is alkyl moiety of chemically or 
physbtogically hydrolyzable alky, ester, for example, ft- alkyl. which comprises reactmg a compound of 
the formula: 



35 



40 



45 




/"CHO 



(XIII) 



wherein 



R\ R2, R3, R* and R* are as defined above, with a double anion of R 14 ester of acetoacetic acid 



(wherein R 14 is as defined above). 

18. A process for producing a compound of the formula: 



55 
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70 




C0 2 R'< 



(XX) 



is wherein FV and R 2 are independently hydrogen, C,- 8 alkyl. C 2 -s alkenyl, Cw cycloalkyl, Ci- 6 alkoxy, 
fluoro, chloro, bromo, 



20 




25 



30 



35 



40 



(wherein R', R 7 and R 8 are independently hydrogen. C- alkyl. alkoxy. C 3 -r cycloalkyl. 
Uoromethyl, fluoro. chloro or bromo). 2-. 3- or 4-pyridyl. 2- or 5-pyrimldyl. 2- or 3-thienyl. 2- or 3-furyl. «- 

or j8-naphthyl, or 



(wherein R s is as defined above). -NR 9 R 10 (wherein R s and R 10 are independently C-* alkyl. 

R* 

-(cHt)™ (CD 



45 



(wherein R* is as defined above, and m is 1. 2 or 3). or R 9 and R"> together form -<CH 2 ) r (wherein j is 3. 4 
or 5)); Ci -3 alkyl substituted by 



50 




55 



(wherein is as defined above) and by 0. 1 or 2 members selected from the group conwbng | of C,-, 
alkyl or «-or /3-naphthyl; or W and R* together form C,-* alkylene unsubstituted or substituted by 1 to 3 
members deeded from the group consisting of Cw alkyl. C3-7 cydoalkyl. fluoro. chloro and bromo. and 
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by one member selected from the group consisting of 

R 6 



5 



10 



15 



20 



25 



(wherein ff is as defined above) or .(CHR^.A.(CHR-H-(wherein k and t are independently 0 12 or* 
A is -C(Ri 8 ) = C(R 19 )- (wherein and R 19 are independently hydrogen or C,- 3 alkyl), -0-. -S- or -N(R ) 
(wherein R M is Ci-4 alkyl or 

R* 

-(CH*).. 

(wherein is as defined above, and m is 1. 2 or 3)) and R* and R» are independently hydrogen or C, 
aZri and R* are independently hydrogen. C,- alkyl. C 3 - 7 cycloalkyl. alkoxy. n-butoxy, .-butoxy. 
se^butoxy R "rC (wheTein R* and H- are independently a.ky.). trifluoromethyl. M»romrtw. 
d^oroioxy. fluoro, chloro. bromo. phenyl, phenoxy. benzyloxy. trimethylsiiyloxy. 
siMoro7-0(CH 2 )tOR- (wherein R« is C,- 3 alkyl and I is 1. 2 or 3); or when located at the ortho 
posS to each oL. R* and R* may together form -CH = CH-CH = CH- or methylened.oxy; and R 5 is 
hydrogen. C,- 8 alkyl. Ca-6 alkenyl. C3-7 cycloalkyl. C5-7 cycloalkenyl or 



30 



35 



40 



45 




R 6 



(wherein R« is as defined above), or C,- 3 alkyl substituted by one member selected from the group 

consisting of 




R 6 

R 1 



so 



therein R* R 7 and R« are as defined above), and by 0. 1 or 2 members selected from the group 
SsTna of C,- 3 alkyl. and Hal is chlorine, bromine or iodine; R 14 is alkyl moiety of chemically or 

alky, ester, for example. C, - aikyl; and R 30 is a protecting group for hydroxy.. 

which comprises reacting a compound of the formula: 



55 
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R 3 R< 



5 




(XVIII) 



wherein R\ R 2 . R 3 . R*. R s and Hal are as defined above, and Hal is chlorine, bromine or iodine, with a 
, 5 strong alkali to form an ylide compound, and reacting the ylide with a compound of the formula: 

H(0)CCH(0R 30 ) 

CH 2 CH(0R 3O )CH 2 C0 2 R l < (XIX) 

20 

wherein R 30 and R'* are as defined above. 

19. A process for producing a compound of the formula: 



OR 50 



30 




(XXII) 



wherein R\ R 2 , R 3 , R* and R 5 are as defined in Claim 18, R 30 is a protecting group for hydroxyl and R u is 
alkyl moiety of chemically or physiologically hydrolyzable acetal, for example, Ci-* alkyl. which comprises 
reacting a compound of the formula: 



R 3 R 4 



so 




(XVIII) 



65 

wherein R\ R 2 , R 3 , R* and R s are as defined above, and Hal is as defined in Claim 18, with a strong alkali 
to form an ylide compound, and reacting the ylide with a compound of the formula: 
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OR 30 




(XXI) 



wherein R 30 and R l * are as defined above. 

20. A process for producig a compound of the formula: 



is 



20 




(XXIV) 



25 wherein R 1 . R 2 . R 3 » R* and R 5 are as defined in Claim 18 and R 30 is a protecting group for hydroxyl. which 
comprises reacting a compound of the formula: 



R 3 R 4 



30 



35 




(XVIII) 



wherein R 1 t R 2 , R 3 , R* and R 5 are as defined above, and Hal is as defined in Claim 18, with a strong alkali 
to form an ylide compound, and reacting the ylide with a compound of the formula: 



OR 30 



45 




50 



H (0) C 0 0 



(XXIII) 



. wherein R 30 is as defined above. 

21 . A process for producig a compound of the formula: 



55 
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R 3 R 4 




30 





Q 


w 


(II) 

(1-6) 
(XV) 


-CH(OH)- 
-C{0)- 

■c{oy 


-aoy 

-CH(OH)- 
-C(O)- 



wherein R\ R 2 , R 3 , R\ R s and R u are as defined above, by a reducing agent. 
40 22. A process for producig a compound of the formula: 



R 3 R 4 




the 



formula: 
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R 3 . R 4 






Q 


w 


(XIV) 
(XVI) 
(XVII) 


-CH(OH)- 
-C(O)- 


-C(O)- 
-CH(OH)- 



wherein R\ R 2 . R 3 . R*. R s and R 14 are as defined above, by a reducing agent. 

23. An anti-hyperlipidemia agent containing the compound of the formula I as defined in Claim 1. 

24. An anti-hyperfipoproteinemia agent containing the compound of the formula I as defined in Claim 1. 

25. An anti-atherosclerosis agent containing the compound of the formula I as defined in Claim 1. 

26^ A method for reducing hyperlipemia, hyperlipoproteinemia or atherosclerosis, which comprises 
administering an effective amount of the compound of the formula I as defined in Claim 1. 
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